Context: DNA fingerprinting using genetic markers such as Random Amplification of Polymorphic DNA (RAPD), Restriction Fragment Length Polymorphism (RFLP), microsatellite (Simple sequence repeat), Amplified Fragment Length Polymorphism (AFLP) etc. can be successfully used to reveal genetic variation within and among different populations.
Introduction
Stinging catfish, Heteropneustes fossilis (Bloch) belongs to the family Heteropneustidae of the order Siluriformes. Members of Heteropneustidae family are collectively known as 'airsac catfishes' for carrying airsacs as accessory respiratory organ. The catfishes together form a group of commercially important and popular fish species in Bangladesh. The total annual production of catfish was 117,856 mt in [2008] [2009] which was 4.36% of the total inland fish production of the country . H. fossilis is native to Bangladesh, Pakistan, India, Nepal, Srilanka, Burma, Thailand and Laos . It occurs in all types of inland water bodies and survives for a long time when kept in captivity even in a small quantity of water as it has massive paired sac-like pharyngeal lungs as accessory respiratory organs ). The species is popular for its good taste and ability to survive in poorly oxygenated waters.
Habitat degradation caused by natural and human interventions and injudicious application of pesticides in agricultural fields are considered to be great threats for fish biodiversity in Bangladesh. The availability of fishes in the natural waterbodies has been substantially reduced in the last two decades. The reduction in population size may result in decrease in genetic variation through bottleneck effects, genetic drift and inbreeding. Genetic variation refers to the differences in the hereditary constitutions of the individuals of a species which is important in maintaining the developmental stability and biological potential of a stock. Therefore, information on genetic variability of any stock obtained by using appropriate molecular markers would be helpful to assess any genetic deterioration that might have taken place as well as to develop management plans for conservation and stock improvement.
DNA fingerprinting using genetic markers such as Random Amplification of Polymorphic DNA (RAPD), Restriction Fragment Length Polymorphism (RFLP), microsatellite (Simple sequence repeat), Amplified Fragment Length Polymorphism (AFLP) etc. can be successfully used to reveal genetic variation within and among different populations. Among the DNA markers, RAPD fingerprinting technique is simple, fast, sensitive and allows the examination of genomic variation without prior knowledge of DNA sequences . RAPD markers are generated by PCR amplification from genomic DNA with short single primer of arbitrary nucleotide. RAPD markers have a wide range of applications in gene mapping, population genetics, molecular evolutionary genetics and plant and animal breeding (Bardakci and Skibinski 1994) . The aim of the present study was to assess genetic diversity in two wild and one hatchery populations of stinging catfish H. fossilis by RAPD fingerprinting. .
Materials and Methods

Collection of fish samples:
A total of 90 live fish (H. fossilis), 30 from each source, were collected from a beel in Patuakhali, a beel in Jessore and Rupali Hatchery, Mymensingh during April-May, 2011. Fin samples were clipped from caudal fin of each fish and immediately preserved in separate microfuge tubes containing 95% ethanol and kept in freezer (-20°C) until used for DNA extraction. Isolation of genomic DNA: Genomic DNA was extracted from fin tissues according to the method described by . Briefly, approximately 40 mg of fin tissues were cut into small and ground in extraction buffer (100mM Tris. HCl, 250 mM NaCl, 10 mM EDTA and 1% SDS) and incubated with proteinase-K overnight at 37°C. DNA was purified by two extractions-one with equal volume phenol: chloroform: isoamylalcohol (25:24:1; v/v/v) and one with chloroform: isoamylalcohol (24:1; v/v) and precipitated using isopropanol and ethanol. The concentration of DNA was estimated using a spectrophotometer (Biophotometer Plus, Eppendorf, Germany). Polymerase chain reaction (PCR): Fifteen decamer primers of random sequence from three kits (six from kit A, seven from kit B and two from kit C) (Operon technologies, Inc., Alameda, CA, USA) were screened on sub-samples of one randomly chosen H. fossilis DNA sample from the each population to test their suitability for amplifying RAPDs. Finally, four primers exhibiting highest quality banding patterns and sufficient variability were used for analysis of all the samples. PCR reactions were performed in 10 µl reaction mix containing 1µl of 10x Taq polymerase buffer, 2µM of each primer, 0.25 mM dNTPs and 1 unit of Taq DNA polymerase (GENEI, Bangalore, India) and 150ng µl of genomic DNA. The reaction mix was preheated at 94°C for 3 min followed by 40 cycles of 1 min denaturation at 94°C, 1 min annealing of PCR primers at 36°C and 2 min elongation at 72°C. After the last cycle, a final step of 7 min at 72°C was added to allow complete extension of all amplified fragments. Electrophoresis of amplified products and analysis of RAPD data: The amplified products from each sample were separated by electrophoresis on 1.4% agarose gel containing ethidium bromide. Electrophoresis was performed at 100 V for 45 mins. Lambda DNA/HindIII-EcoRI digest and 100bp DNA ladder were electrophoresed along side the RAPD reactions as molecular weight markers. DNA bands were observed using a digital Gel documentation system and image was saved on computer.
RAPD patterns were visually analyzed and scored from the photographs of the gel. For the analysis and comparison of the patterns, only the well-separated clearly visible bands were scored. The sizes of the bands were calculated using the software DNAFRAG and the sizes in base pair (bp) were used for identification of the bands (RAPD markers). The RAPD markers were scored by recording the presence (1) or absence (0) of these bands for each fish and each primer. A single data matrix was constructed pooling the binary data (1/0) for all the primers and used for estimating gene frequency, polymorphic loci, gene diversity, observed number of alleles (Na), effective number of alleles (Ne), gene flow (Nm), and genetic distance with the POPGENE (Version 1.31) computer program.
The similarity index values (SI) between the RAPD fingerprint of any two individuals on the same gel were calculated from RAPD band sharing according to the following formula: Similarity index (SI) =NAB/ (NA + NB), Where, NAB is the total number of RAPD bands shared by individuals A and B, and NA and NB are the total number of bands produced by individual A and B, respectively (Lynch 1990 ). Within population similarity [Sj] was calculated as the average of SI across all possible comparisons between individuals within a population. Between population similarity (Sіj), was calculated as the average similarity between randomly paired individuals from populations i and j .
Results Results
RAPD profiles and polymorphism generated by PCR:
Among the 15 primers initially tested, four primers: OPA01, OPB01, OPB02, and OPB19 yielded comparatively larger number of bands with good resolution. Each primer produced a unique fragment pattern of amplified DNA with varied numbers of bands. The four primers yielded a total of 28 reproducible and consistently storable RAPD bands of which 21 (75%) were polymorphic (P95). Primers OPB02 and OPB19 gave DNA profiles with more bands than OPA01 and OPB01. RAPD profile obtained for primer OPB01 and OPB02 are shown in Fig. 1 . The sizes of the bands ranged from 250-1769 bp (Table 1) .
Genetic variation in the populations:
The proportion of polymorphic loci was highest in the Jessore population (85.71%) while that in the Rupali hatchery population was the lowest (82.14) ( Table 2 ). The intra-population similarity or within population similarity indices (Si) for Rupali hatchery population were found to be higher followed by that of Patuakhali population. The Si value for Jessore population was found to be the lowest ( Table 2 ). The gene diversity of the Jessore population was higher (0.3036 ± 0.1827) than the Patuakhali (0.280 ± 0.1585) and Rupali hatchery (0.2714 ± 0.1654) population. The observed number of allele in Jessore population was also highest and that of the hatchery population was the lowest. However, the effective number of alleles and Shannon's information index (I) in the hatchery population were higher than those of the Jessore and Patuakhali population. The overall gene flow (Nm) among the populations was 5.755 (Table 2) .
Genetic identity and genetic distances:
The values for inter-population genetic identity were 0.9330, 0.9356 and 0.9764 for Jessore and Patuakhali, Jessore and Rupali hatchery, Rupali hatchery and Patuakhali respectively. The genetic distances were 0.0694, 0.0666 and 0.0238 for Jessore and Patuakhali, Jessore and Rupali hatchery, Rupali hatchery and Patuakhali, respectively (Table 3) .
The values for inter-population genetic identity were 0.9330, 0.9356 and 0.9764 for Jessore and Patuakhali, Jessore and Rupali hatchery, Rupali hatchery and Patuakhali respectively. The genetic distances were 0.0694, 0.0666 and 0.0238 for Jessore and Patuakhali, Jessore and Rupali hatchery, Rupali hatchery and Patuakhali, respectively (Table 3) . 
Discussion
Due to simple in operation, the RAPD fingerprinting technique has attracted widespread interests among the researchers. However, genetic characterization with RAPD markers has been constrained by the lack of complete genotypic information due to its dominant nature . Generally, the number and sizes of the bands generated depend upon the nucleotide sequence of the primers used and the source of the template DNA. The RAPD technique has been found to be suitable for assessing genetic variation in the three populations of H. fossilis in the present study.
Populations showing higher frequency of polymorphic loci and lower intra-population band sharing-based similarity index are considered to have higher level of genetic diversity as compared to those showing higher intra-population similarity and lower polymorphic loci. Analysis of four primers detected different levels of genetic diversity in each of the studied populations. A polymorphic locus contains more than one allele and the frequency of the most common allele should be less than 0.95. In RAPD marker analysis, polymorphism is detected as band presence versus band absence and may be caused either by failure to prime a site in some individuals because of nucleotide sequence differences or by insertions or deletions in the fragment between two conserved primer sites (Clark and Lanigan 1993) . Using four primers we produced a total of 28 bands in the three populations of which 75% were polymorphic. The percentage of polymorphic loci in the three different populations of H. fossilis was found to be similar to those observed in four different beel and one hatchery population of H. fossilis by reported that RAPD markers were highly reproducible in a size range between 200 and 1500 bp. We found good quality and reproducible PCR products of 250-1769 bp in the H. fossilis samples which are similar to those found in the walking catfish Clarias batrachus in India . The number of alleles per locus is also a measure of gene diversity. A critical assumption for RAPD marker is that there are two alleles per locus (one marker and one null). A higher number of alleles in a population reflect a much better genetic condition over the other populations with lower number of alleles. Similar to proportion of polymorphic loci, the number of alleles is also higher in the Jessore population. We found a mean observed number of alleles across all primers for all loci of 1.857± 0.356.
The gene diversity was found to be the highest in the Jessore (0.304 ±0.183) population followed by the Patuakhali (0.280±0.159) and the hatchery (0.271±0.165) population. The estimate of Nei (1972) overall genetic diversity for the entire populations was (0.309±0.022). using RAPD fingerprinting reported gene diversity in five populations of H. fossilis ranging from 0.3139 to 0.3703. Band sharing-based similarity index (SI) is a statistics used to compare the similarity in DNA fingerprints of two samples to make inferences about levels of genetic variation within and between the populations. The similarity index provides a sensitive indicator of relative levels of population homogeneity. Population showing higher intra-population similarity and lower frequency of polymorphic loci are likely to have less genetic diversity as compared to those showing less intra-population similarity. The values for intrapopulation similarity indices (Si) were slightly higher, ranging from 79 to 85% than inter-population similarity indices (Sij), ranging from 80 to 83% and band-sharing based intra-population similarity indices (Si) for Rupali hatchery population (85.25%) was higher than those for two other populations. The Si value for Jessore population (78.75%) was found to be lowest. This parameter also indicates that the genetic diversity of Jessore population was higher and that of the hatchery population was lower. Almost similar level of intrapopulation similarity indices in all the population implies that individuals within each population were genetically close to each other. found slightly lower level of intra-population similarity indices in Chalan beel, Pirgonj beel, Rangpur, Mohongonj haor and Narsingdi beel populations of H. fossilis (64.95-71.77%). However our finding is much higher than that reported in stripped dwarf catfish, Mystus vittatus (21.80-28.99) by . reported band sharing based similarity indices ranged from 26.00 to 60.00% in the C. batrachus populations.
Gene flow is the transfer of alleles from one population to another and it may lead to a combination of alleles and reducing the genetic diversity between the two gene pools. However, it increases genetic variation within a population as individuals from other populations can bring alleles that could otherwise be absent or rare in the original population. The average gene flow rate (Nm) was found to be 5.755 across all primers for all the populations in the present study. The more the gene flow occurs, the more homogeneous the populations will become and the less will be the differentiation.
Genetic identity is the pair-wise measure of populations showing the proportion of individuals which are genetically identical. A higher level of genetic identity (0.9764) found between the Patuakhali and Rupali hatchery populations of shing indicates that these two populations are genetically more similar than the others. The genetic identity value obtained in the present study is similar to those in Puntius sarana and P. gonionotus The genetic identity between two populations is also reflected by the band sharing-based inter-population similarity. The inter-population or between populations similarity indices (Si) for Patuakhali vs Rupali hatchery populations (82.62%) was found to be higher than those for all other population pairs. The Sij value for Jessore vs Patuakhali populations (80.43%) was found to be the lowest. Among the three populations, a higher genetic distance (0.069) was found between the Jessore and Patuakhali compared to the Patuakhali and Rupali hatchery (0.023) and Jessore and Rupali hatchery (0.066) shing populatins. We did not find any correlation between the genetic distance and geographic distances between the populations.
Conclusion
H. fossilis is a highly priced, delicious, nutritious and well preferred catfish in Bangladesh. RAPD markers have been found to reveal genetic diversity in shing populations. The result of the present study can be used as baseline information regarding the genetic variation and population structure before undertaking any breeding programme. Study indicated that the genetic variation in the hatchery populations were slightly lower than those of the wild populations. As the culture of the stinging catfish is gaining popularity and expanding rapidly and more and more hatcheries are being engaged in breeding, care should be taken to avoid inbreeding and genetic drift, the two major factors that may ruin the genetic variability and thus biological potential of the important catfish as happened in carp hatcheries in Bangladesh.
